Harpegnathos and Camponotus assemblies capture more repeat content than 2010 assemblies and have a comparable number of unique bases. Number of bases of the genome assigned to various repeat categories by RepeatMasker using "harpegnathos saltator" as the species, with additional species-specific repeat libraries constructed using RepeatScout, in Harpegnathos and Camponotus 2010 and 2016 assemblies. Species-specific repeats were detected using 2016 assemblies. The transcriptomes of 54 insects and 1 outgroup (Homo sapiens) were searched for transcripts with significant similarity to protein-coding and lncRNA transcripts. BLASTN hits with an evalue < 10 -3 were kept as homologs, as in Figure 5C . P-values are from two-sided Student's t-tests. (C) Number of exons per protein-coding and lncRNA transcript. (D) Expression levels of protein coding and lncRNA genes together (top) and split by location (bottom) in Harpegnathos and Camponotus developmental stages (same samples as in Figure 6A ). N=2 for each condition with the exception of Camponotus male (n=1). "Ambiguous" indicates that the gene has isoforms that fall into different location categories. P-values are from a two-sample KS test. *, p<0.05, **, p<10 -10 (E) Length distribution of protein-coding and lncRNAs. (F) Percent of protein-coding and lncRNA genes in Harpegnathos (left) and Camponotus (right) that overlap annotated repeats. DNA transposons and retroelements consist of all repeats annotated as "DNA transposons" or "retroelements," respectively, in the harpegnathos RepeatMasker library, while "other" consists of all other repeats in the harpegnathos RepeatMasker library (small RNA, satellites, simple repeats, low complexity repeats). "Species-specific" consists of repeats from libraries constructed from the 2016 Harpegnathos or Camponotus assembly. 
SUPPLEMENTAL EXPERIMENTAL PROCEDURES

Ant colonies and husbandry
Ants were housed in plaster nests in a clean, temperature-(25°C) and humidity-(50%) controlled ant facility on a 12-hour light/dark cycle. Harpegnathos ants were fed three times per week with live crickets. Camponotus ants were fed twice weekly with excess supplies of water, 20% sugar water (sucrose cane sugar), and Bhatkar-Whitcomb diet (Bhatkar and Whitcomb, 2016) . The Harpegnathos colony was descended from the colony sequenced for the original 2010 genome assembly, which was originally collected as a gamergate colony in Karnataka, India in 1999 and bred in various laboratories since (Bonasio et al., 2010; Gospocic et al., 2017) . The Camponotus colony was collected in Long Key, Florida in November 2011.
Long read DNA library preparation and sequencing
High molecular weight genomic DNA was extracted from 36 Harpegnathos and 42 Camponotus recently eclosed workers. Gasters were removed before sample homogenization to reduce contamination from commensal bacteria. Size selection and sequencing was performed by the University of Washington PacBio Sequencing service using BluePippin size selection and P6-C4 chemistry, RSII platform. Reads of insert (ROIs) were extracted using SMRT analysis software. The RS_ReadsOfInsert.1 protocol was used, with the parameters 0 minimum full passes and 75% minimum predicted accuracy. 34 SMRT cells were processed for Harpegnathos, producing 3.1x10 6 ROIs containing 2.3x10 10 total bases, for a mean ROI length of 7,471 bp. 17 SMRT cells were processed for Camponotus, producing 1.1x10 6 ROIs containing 1.0x10 10 total bases, for a mean ROI length of 9,934 bp.
Genome assembly strategy
The extracted ROIs were error corrected, trimmed, and assembled by Canu v1.3 (Koren et al., 2017). Error correction and assembly were performed with default parameters with the following changes: corMhapSensitivity = high, corMinCoverage = 0, errorRate = 0.03, minOverlapLength = 499. Quiver was used to polish the assemblies, using the SMRT Analysis protocol RS_Resequencing with default parameters. Scaffolding using both long reads and mate pairs was performed for both Harpegnathos and Camponotus assemblies, but mate pair scaffolding was done first in Harpegnathos and long read scaffolding was done first in Camponotus. SSpace-Standard (Boetzer et al., 2011) was used to scaffold the assemblies using mate pair sequencing data with inserts of 2.2 kb (Harpegnathos: 5 libraries, Camponotus: 1 library), 2.3 kb (Camponotus: 1 library), 2.4 kb (Camponotus: 1 library), 2.5kb (Harpegnathos: 1 library), 5kb (Harpegnathos: 4 libraries, Camponotus: 2 libraries), 9kb (Harpegnathos: 1 library), 10kb (Harpegnathos: 1 library, Camponotus: 1 library), 20kb (Harpegnathos: 1 library, Camponotus: 1 library), or 40k (Harpegnathos: 1 library, Camponotus: 1 library). Standard parameters were used. For scaffolding with long reads, subreads were extracted from PacBio sequencing data using bash5tools with the following parameters: minLength=500, minReadScore=0.8. PBJelly (English et al., 2012) was then used to perform the scaffolding, following the normal protocol. After scaffolding with mate pairs and PacBio subreads, the assemblies were polished using paired-end Illumina short reads and the tool Pilon to produce the final assemblies. One Harpegnathos scaffold showed high similarity to a bacterial genome and was removed.
Repeat masking and evaluation of repeats in new sequence content
Although repeat masking was performed by the MAKER2 pipeline internally during the protein-coding gene annotation step, RepeatMasker (A.F.A. Smit, R. Hubley & P. Green RepeatMasker at http://repeatmasker.org) was also run independently to compare repeats in the 2010 genome assemblies to the 2016 assemblies and to produce a masked genome FASTA. First, the genomes were masked with RepeatMasker and the "Harpegnathos saltator" library. Custom repeat libraries were then constructed using RepeatScout on the 2016 genomes with default parameters. These libraries were used in RepeatMasker to find species-specific repeats. Next, we detected noninterspersed repeat sequences with RepeatMasker run with the "-no int" option. Finally, we used Tandem Repeat Finder (Benson, 1999) with the following parameters: match=2, mismatch=7, delta=7, PM=80, PI=10, minscore=50, MaxPeriod=12.
To detect new sequence content, the 2010 genomes were broken into 500 bp non-overlapping windows, then aligned to the 2016 assemblies using Bowtie2 (Langmead and Salzberg, 2012) .
Comparison of 2016 Harpegnathos and Camponotus assemblies to other insects
Other insects used for comparison included all insects with scaffold-level genomes annotated by NCBI as of 5/8/17 (n=81). Scaffold number, contig number, scaffold N50, contig N50, number of gaps, and number of gapped bases were obtained from the genome FASTA available for download on the NCBI website.
BLAST was used to find homologs to Figure 3A , the gene had to have a homolog in at least 90% of ants, Hymenoptera, and in Drosophila melanogaster. To qualify for "mammals and insects," the gene had to meet the same requirements for "all insects" and have a homolog in both Mus musculus and Homo sapiens.
Fosmid analysis
Ten Sanger sequenced fosmids (Bonasio et al., 2010) with an average length of 36,755 bp were analyzed for Harpegnathos, and 11 fosmids with a mean length of 37,610 bp were analyzed in Camponotus. The scaffold with the most hits for each fosmid in both 2010 and 2016 genome assemblies was found using BLAST. Next, the fosmid and the scaffold with the closest matches were globally aligned. The coverage (how many of the fosmid bases matched with the genome) and the length of the scaffold containing the fosmid were reported.
Annotation of protein-coding genes
Protein-coding genes were annotated on the Harpegnathos and Camponotus assemblies using iterations of the MAKER2 pipeline (Holt and Yandell, 2011) . Inputs to the protein homology evidence section of MAKER2 were FASTA files of proteins in Apis mellifera, Drosophila melanogaster, and the previous Harpegnathos or Camponotus annotation. RNA-seq was provided as EST evidence. RNA-seq was processed using PASA_Lite, a version of PASA (Haas et al., 2003) that does not require MySQL. First, a genome-guided transcriptome reassembly was produced using Trinity (Grabherr et al., 2011) . The transcriptome was aligned against the genome using BLAT with the following parameters: -f 3 -B 5 -t 4. The alignments were used as input to PASA_Lite, which produces spliced gene models. The PASA_Lite output was further processed with TransDecoder (Haas B. and Papanicolaou A.) , a tool that searches for coding regions within transcripts.
The first iteration of MAKER2 was run with the settings est2genome=1 and protein2genome=1, indicating that both models directly from RNA-seq and homology mapping were output. No SNAP (Korf, 2004) hidden Markov model (HMM) was provided in the first iteration. Augustus (Keller et al., 2011) HMMs were provided; in the first run of maker, the Camponotus_floridanus parameters provided with Augustus were used for Camponotus, and parameters trained on an earlier version of the Harpegnathos genome were used for Harpegnathos. After the first MAKER2 run, SNAP and Augustus HMMs were trained using the output of the previous step. High confidence gene models were extracted using BUSCO v2 (Simão et al., 2015) , a tool that measures the completeness of a transcriptome set. BUSCO searches for the presence of conserved orthologs in the transcriptome, and also can produce a list of which genes are complete gene models. Only these complete models were used to train Augustus and SNAP.
The second iteration of MAKER2 was run with the same homology and RNA-seq inputs, but with the new HMMs and the GFF from the previous step included as an option in the re-annotation parameters section, and with est2genome=0 and protein2genome=0. After the second MAKER2 iteration, HMMs were trained using the same steps as above, and the process was repeated two more times. On the fourth MAKER2 run, est2genome and protein2genome were turned on, producing gene models directly from RNA-seq and homology. The gene models from the last iteration of MAKER2 were filtered using the reported annotation edit distance (AED), which measures the level of agreement between different sources of evidence (Eilbeck et al., 2009 ) and the presence of a PFAM domain. PFAM domains were detected using HMMer v3.1b2 (http://hmmer.org) with the PFAM-A database. Genes were retained if they had either an AED < 1 or a PFAM domain, or both.
Gene identifiers (IDs, e.g. HSALG000001) were assigned to genes based on the presence of homolog in the 2010 annotation. If the 2016 had a perfect match at the nucleotide level in the 2010 assembly, it retained the old ID with the version 1 (e.g. HSALG000001.1). If the 2016 model significantly matched at the protein level, but not at the nucleotide level, it retained the old ID with the version 2 (e.g. HSALG000001.2). If multiple 2010 genes were significant matches, multiple 2016 genes matched to the same 2010 gene, or no homolog was present in the old assembly, a new ID was issued.
The Harpegnathos annotation contains 2,912 gene models with 100% identity to old gene models, 7,308 updated gene models, and 10,097 gene models that are reported as "new" by homology searches. The Camponotus annotation contains 2,483 gene models with 100% identity to old gene models, 8,335 updated gene models, and 7,802 "new" gene models. Many of these "new" genes have homology to multiple genes in the old annotations. Using an e-value of 1e -5 , 84% of the 2010 Harpegnathos gene models and 88% of the 2010 Camponotus models have homology to a gene in the new annotation, suggesting that many gene models in the old annotation were incomplete or fragmented.
Assessment of annotation quality
The transcriptome completeness was measured using BUSCO v2, which searches for the presence of well conserved orthologs in a transcriptome. The arthropoda set was used as the test lineage.
RNA sequencing and analysis
RNA for developmental stage analysis was extracted from ants at various developmental stages for both Camponotus and Harpegnathos. Tissue panel RNA samples were collected only from Harpegnathos.
For library preparation, polyA+ RNA was isolated from 500 ng total RNA using Dynabeads Oligo(dT)25 (Thermo Fisher) beads and constructed into strand-specific libraries using the dUTP method (Parkhomchuk et al., 2009 ). UTPmarked cDNA was end-repaired (Enzymatics, MA), tailed with deoxyadenine using Klenow exo -(Enzymatics), and ligated to custom dual-indexed adapters with T4 DNA ligase (Enzymatics). Libraries were size-selected with SPRIselect beads (Beckman Coulter, CA) and quantified by qPCR before and after amplification. The developmental stage libraries, used for annotation, were sequenced as 75 nts single-end reads; all other libraries were sequenced as 38/38 paired-end reads.
RNA-seq reads were aligned to the genome using STAR (Dobin et al., 2013) with default parameters. The mapping rate and mismatch rate per base (Figure 2A-B) were reported by STAR. Read counts were assigned to genes using DEGseq (Wang et al., 2009) . Differential expression analysis was performed used DESeq2 (Love et al., 2014) . LncRNA selected for developmental stages lncRNA expression clustering were lncRNAs with a p-adjusted < 0.05 in differential expression analysis, indicating an FDR of <5%.
Hox cluster analysis
To detect whether the genome annotation captured the genes in the Hox cluster, we searched for Drosophila melanogaster Hox genes in the Apis mellifera genome, as well as the 2010 and 2016 Harpegnathos and Camponotus annotations. The gene was denoted as present if there was a significant (e-value < 1e-5) hit using standard megablast parameters.
Differential expression of Gp-9 homologs
RNA-seq from full bodies of Vollenhovia emeryi (PRJDB3517, RNA-seq from 5 queens and 5 workers) (Miyakawa and Mikheyev, 2015) and brains of Dinoponera quadriceps (GSE59525, RNA-seq from 7 alpha and 6 low ants) (Patalano et al., 2015) was aligned to the respective genome and mapped to NCBI annotated features. The RPKM table provided on the Linksvayer lab website (https://web.sas.upenn.edu/linksvayer-lab/data/) as supplemental data from PRJDB3164 (Warner et al., 2017) was used to compare RNA-seq data from heads of Monomorium pharaonis queens (n=3), foragers (n=13), and nurses (n=14). All genes annotated as "Gp9" or a "Gp9-like" were evaluated for differences in expression between reproductive (queen or alpha) and non-reproductive (worker, low, forager, or nurse) ants. RPKMs between castes were compared using Student's t-tests.
Phylogenetic tree construction and selection analysis of Gp-9/Gp-9-like
To find homologs of Gp-9 and Gp-9-like, we searched for any gene annotated in NCBI databases as "pheromonebinding protein " returning 74 gene models among Hymenoptera (not including Harpegnathos and Camponotus, for which we used any gene model in our updated annotations with homology to Analysis of the selection pattern of this gene family was performed by contrasting the likelihood of the null model (beta, dN/dS =1) and the alternative model (beta, dN/dS ≥1). We aligned the protein sequences using MEGA7 (Kumar et al., 2016) , and then used this to align the codons of the coding sequences from these gene models using PAL2NAL (Suyama et al., 2006) . We then used the site test of Codeml from the program PAML (Yang, 2007) , similar to a previously used strategy to infer positive selection in ant genomes (Roux et al., 2014) . We compared the likelihoods of the null model M8a (beta and ω, ω=1) and the alternative model M8 (beta and ω with ω ≥ 1). We compared the likelihood ratios with a chi-square distribution with 1 degree of freedom (Roux et al., 2014) and as suggested in the PAML user guide.
A phylogenetic tree for the protein sequences was constructed using MEGA7 (Kumar et al., 2016) using the default Maximum Likelihood settings: Jones-Taylor-Thornton substitution model, uniform rates among sites, and NearestNeighbor-Interchange as the ML Heuristic Method.
Annotation of lncRNAs
RNA-seq reads from various developmental stages of Harpegnathos (embryo, instar 1 larva, instar 4 larva, early pupa, late pupa, adult worker, male) and Camponotus (embryo, instar 1 larva, instar 4 larva, late pupa minor, late pupa major, minor, male) were assembled using two reference-based transcriptome assemblers, Trinity (Haas et al., 2003) and Stringtie (Pertea et al., 2015) . The transcripts produced from these two methods were merged using cuffmerge (Trapnell et al., 2012) , then each reassembled transcriptome was intersected (reciprocal 75% overlap required) with the merged transcripts to produce a file for each method with transcripts from the same set. Transcripts from both methods were then intersected (required 75% reciprocal overlap). Finally, this high-confidence transcriptome was intersected with the coding sequences of protein-coding genes, and only transcripts with no overlap to protein-coding genes were designated as intervening. Transcripts were further split by location for some analyses: "intervening" denotes no overlap with protein-coding genes, "intronic-sense" indicates the transcript is an intron of a gene in the same orientation, "intronic-antisense" indicates the transcript is in an intron of a gene in the opposite orientation, "intronic-both" indicates the gene is intronic to a gene in the sense and antisense direction, and "promoter-associated" indicates that the overlap is within 1,000 bp of a promoter of a protein-coding gene transcribed from the opposite strand. The intervening transcripts were collapsed into loci based on cuffmerge results for some analyses.
BLAST was used to find homologs for intervening transcripts in a panel of 54 insects and an outgroup (human). Only hits with an e-value of 10 -3 were kept. A multispecies alignment was performed for each transcript using MAFFT. TimeTree (Kumar et al., 2017) was used to create a phylogeny complete with branch lengths of the insect panel and either Harpegnathos or Camponotus. The phylogeny was rooted using the R package ape, with Homo sapiens as the outgroup. Using this phylogeny and the multispecies alignment, the PhyloCSF Omega Test mode was run, with all reading frames in the sense direction tested, to assess the coding potential of each transcript. PhyloCSF scores are given in the form of a likelihood ratio, in the units of decibans. A score of x means the coding model is x times more likely than the non-coding model (for example, if x=10, the coding model is 10 times more likely; if x=-10, the noncoding model is 10 times more likely). Transcripts with a score < -10 were considered lncRNAs.
We also removed lncRNAs that are likely to be fragments of protein-coding genes. Using stranded RNA-seq, we removed any lncRNA gene with either more than 5 reads, or >1% of the total reads mapping to the gene, connecting it to a protein-coding gene. We also removed lncRNAs that contained peptides detected using mass spectrometry (see below).
Coding Potential Calculator (CPC) (Kong et al., 2007) was used to confirm the non-coding status of lncRNA chosen as examples in the differential expression analyses. The UniRef90 database was used as a BLAST database.
Mass spectrometry analysis
Sample preparation
Ant brains without optic lobes were dissected in ice cold HBSS with proteinase inhibitors and immediately snapfrozen in liquid nitrogen. Individual brains were homogenized in 100 µL of extraction buffer (8 M urea, 50 mM ammonium bicarbonate pH 8) with proteinase inhibitors. Protein concentration was determined by BCA assay. Five µg of total protein extract were reduced for 1 h at 56ºC by adding 1M DTT to final concentration of 5 mM, followed by 45 min alkylation in 10 mM IAA. Proteins were first digested with Lys-C (1:100 ratio of enzyme:protein) for 4 h at 37ºC; followed by trypsin digestion (1:100 ratio of enzyme:protein) overnight. Proteins samples were prepared for MS by subjecting them to solid phase extraction. The bottom of a 200 mL pipette tip was sealed with a 0.4 mm-diameter-disk of C18 material (Millipore) to make a stage-tip. The stage-tip was activated with 100 mL of acetonitrile, equilibrated with 100 mL of 0.1% acetic acid, and loaded with samples, each followed by a brief centrifugation. After washing with 0.1% acetic acid, peptides were eluted into 100 mL of 50% acetonitrile, 0.1% TFA in water. The elution was lyophilized in a SpeedVac concentrator and resuspended in 20 mL of 0.1% formic acid.
Mass Spectrometry Analysis
LC-MS analysis was carried out using an EASY-nLC nano HPLC (Thermo Scientific) coupled to a Orbitrap Fusion Tribrid mass spectrometer (Thermo Scientific), equipped with a nano-electrospray source. Ionization source parameters were set to: positive mode; capillary temperature, 275 C; spray voltage and 2.5 kV. Samples were separated on an in-house analytical column (75 µM inner diameter) packed with ReproSil-Pur 120 C18-AQ resin 3 mm. The gradient length was 195 minutes at 2%-28% (100% ACN, 0.1% formic acid) at a flow rate of 300 nL per minute. Data was acquired using data-dependent acquisition. More specifically, the mass spectrometer was set to perform a full MS scan (350 -1200 m/z) in the Orbitrap with a resolution of 120,000 FWHM (at 200 m/z), an AGC Target of 5.0e5 and maximum injection time of 50 ms. Peptides were subjected to HCD fragmentation (collision energy = 30%) and detected in the ion trap with an AGC target of 1e4 and maximum injection time of 120 ms.
Data Analysis
Mass spectrometry raw files were searched using MaxQuant version 1.6.0.1. 2016 Harpegnathos and Camponotus using the protein-coding annotation and by translating putative lncRNA transcript models in all three possible forward frames and considering open reading frames ≥ 10 amino acids. MS/MS were searched using Andromeda (Cox et al., 2011) . During the search, variable modifications were specified as methionine oxidation and N-terminal acetylation while fixed modification included carbamidomethyl cysteine. Trypsin, which cleaves after Lysine (R) and Arginine (K) was indicated as the digestive enzyme, with two permitted miscleavages. The main search tolerance was set to 4.5 ppm with the first search tolerance of 20 ppm. One or more razor or unique peptides were needed for protein identification and intensity based absolute quantification (iBAQ) was utilized for label-free quantification (Krey et al., 2014) . False discovery rate (FDR < 0.01) was set at the peptide level and all other settings were standard.
In situ hybridization
Probe synthesis
